Troger in a normal population, these parameters have upper limits of normal of 4 mm and 3 mm, respectively. 1 We have observed that neurologically normal infants with an OFC of 95% or greater frequently have extraaxial fluid collections exceeding these limits (Figs. 1, 2 ). These infants, referred for screening ultrasonography to exclude hydrocephalus or other causes of macrocrania, frequently have no other abnormalities.
It would certainly be desirable to avoid unnecessary evaluation with additional imaging, usually including sedation and considerable expense, if these fluid collections are benign. However, the differential diagnosis for extraaxial fluid collections includes many pathologic and potentially devastating conditions. These include subdural or subarachnoid hemorrhage, subdural hygroma, infection, atrophy, genetic syndromes, prematurity, and external hydrocephalus. Enlarged subarachnoid spaces have also been known to occur secondary to admin- The goal of this study was to examine sonographically the extraaxial space in neurologically normal infants with occipital frontal circumference greater than or equal to the 95th percentile for age and correlate these dimensions with neurologic follow-up findings to determine a range of normal values. We thus hope to obviate unnecessary workup of these patients, including additional imaging or intervention. Our results demonstrate that for infants with a craniocortical width or sinocortical width less than 10 mm, the negative predictive value and specificity for developing a neurologic abnormality during the 55 week follow-up period were 94 to 100%. Thus, for neurologically normal infants with occipital frontal circumference greater than or equal to the 95th percentile for age and a head ultrasonogram that is otherwise normal, a craniocortical or sinocortical width of up to 10 mm can be considered within normal limits. Clinical follow-up evaluation is prudent, but additional imaging of these infants is not required. KEY WORDS: Macrocrania; Extraaxial fluid; Occipital circumference.
istration of ACTH and corticosteroid, venous hypertension, malnutrition, total parenteral nutrition, chemotherapy, and dehydration. [2] [3] [4] To our knowledge, prior reports of infants with macrocrania or enlarged extraaxial spaces, or both, have not quantified the amount of extraaxial fluid sonographically but have instead categorized it qualitatively, generally as "normal," "small," "moderate," or "large." [5] [6] [7] [8] [9] In addition, these reports generally have used a small sample size and short or undefined follow-up periods. Most previous reports have used patient populations with a number of varying conditions and diagnoses, contributing to the confusion regarding the course and expected outcome for these patients. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] The goals of this study were to investigate the dimensions of the extraaxial space in neurologically normal infants with OFC greater than or equal to the 95th percentile for age and to determine a range of normal values in these infants by correlation with neurologic outcome. We thus hope to obviate unnecessary workup with CT, MR imaging, or neurologic or neurosurgical consultation and provide a level of confidence for the radiologist who encounters these fluid collections but is unsure of their significance.
MATERIALS AND METHODS
We retrospectively reviewed 871 consecutive reports of cranial ultrasonographic examinations from January 1991 to January 1997 for any clinical history indicating an enlarged head size (e.g., history of OFC greater than or equal to the 95th percentile, macrocrania, enlarged head size). In order to study an otherwise normal population, patients were excluded if the history reported a neurologic abnormality or if any additional sonographic abnormalities were present. Using these criteria, 90 potential cases of OFC greater than or equal to the 95th percentile were identified.
Medical records in these 90 potential cases were reviewed to document OFC of 95% or greater for age prior to the sonographic examination. A standard head circumference chart was used to determine head circumference percentile for age. 20 Chart review also ensured that no neurologic abnormalities were noted prior to the ultrasonogram. Neurologic abnormalities were defined broadly to include any type of developmental delay, including language delays and delays in gross motor development. A total of 32 patients were excluded on the basis of these criteria. In 20 additional cases, clinical or radiologic data were not available, and these patients also were excluded. Thirty-eight patients with 40 sonographic examinations (2 patients had follow-up ultrasonographic examinations) thus constitute the study population.
Sonographic examinations were reviewed and the CCW and SCW were measured in a manner similar to the method of Libicher and Troger. 1 The CCW was measured as the shortest distance from the calvarium to the surface of the cerebral cortex. The SCW was measured as the shortest distance from the lateral wall of the superior sagittal sinus to the surface of the cerebral cortex. The largest extraaxial fluid collection noted in any coronal plane was measured to determine the CCW and SCW (Figs. 1, 2) . If the CCW measured less than 4 mm or the SCW less than 3 mm, the study was considered to be within the previously described normal range, and further characterization of the findings was not performed. 1 If the CCW measured more than 4 mm or the SCW more than 3 mm, exact values were measured with calipers using the scale on the film, or the values were obtained from electronic cursor measurements if present. The medical records in the 38 cases were reviewed to document the length of follow-up evaluation after ultrasonography. Any neurologic abnormality during the follow-up period was noted.
Ultrasonographic examinations were performed using transducers ranging from 4 to 7 MHz (HDI 3000, Advanced Technology Laboratories, Bothell, WA; Acuson, Mountain View, CA; Acoustic Imaging 5200, Dornier Medical Systems, Phoenix, AZ). The institutional review board at our institution approved this study.
RESULTS
The results are summarized in Tables 1 to 3 . Descriptive data are shown in Table 1 . In 47% of cases, the CCW exceeded the previously reported upper limit of normal, and in 53% the SCW exceeded this limit (Table 2 ). CCW and SCW measurements both ranged from 0 to 10 mm. For infants who had increased extraaxial fluid, the mean for CCW and SCW was 7 mm. CCW was positively correlated with SCW by the Spearman correlation (P = 0.0004).
The mean clinical follow-up time after ultrasonography was 55 weeks. Using stringent criteria, abnormalities that could possibly be categorized as neurologic were identified in two infants on followup examination. In one infant, a transient head lag was noted at 5 weeks after sonography, which subsequently resolved. This infant has otherwise shown normal neurologic development. The CCW measured 5 mm and the SCW 10 mm in this infant. In the second infant, the onset of stuttering was reported at approximately 96 weeks after sonography. The CCW measured less than 4 mm and the SCW less than 3 mm in this infant. The remaining 36 patients showed no neurologic abnormality on clinical follow-up study. Mean length of follow-up duration for these 36 cases was 45 weeks. Mean length of follow-up duration until a clinical abnormality was detected in the two positive cases was 54 weeks. Using an exact rank sum test, these follow-up periods do not demonstrate a statistically significant difference (P = 0.92).
For infants with a CCW of less than 10 mm, the negative predictive value and specificity for developing a neurologic abnormality during the followup period are 94% and 97%, respectively. For infants with an SCW of less than 10 mm, negative predictive value and specificity are 97% and 100%, respectively ( Table 3) . None of the infants in the study underwent surgical or medical treatment of the extraaxial fluid. Neither CT scans nor MR images were obtained for any patient. In two subjects, follow-up ultrasonograms were obtained. In one infant, the amount of fluid increased slightly (CCW from 6 to 8 mm and SCW from 6 to 9 mm.) In the second infant, CCW and SCW were less than 4 mm and less than 3 mm, respectively, in both studies. Neither of these infants has demonstrated any neurologic abnormality.
DISCUSSION
Enlarged CSF spaces, in combination with normal or slightly enlarged ventricles, have been referred to as benign extra-axial collections of infancy, 6 benign subdural collections of infancy, 14 external hydrocephalus, 10,18 benign communicating hydrocephalus, 8 benign subdural effusions, 9 and benign enlargement of the subarachnoid spaces, 13 theory and the degree of confusion surrounding this topic.
In order to avoid the confounding variable of a coexisting pathologic condition, which complicates earlier studies, we examined a specific and homogeneous patient population, that of clinically and neurologically normal infants with OFC greater than or equal to the 95th percentile for age. It was our goal to determine normal values for the CCW and SCW by correlation with neurologic outcome. If these infants are overwhelmingly normal, further imaging, expense, and concern can be avoided.
Infants with extraaxial fluid measurements of CCW less than 4 mm and SCW less than 3 mm were placed in a separate category for data analysis (Table 2 ). This amount of fluid is within normal limits, and these cases pose no problem to the radiologist. 1 It is cases with fluid collections above this level that become problematic, and specific measurements of fluid were made for each of these cases.
Increased extraaxial fluid is common in neurologically normal patients with OFC of 95% or greater and occurred in approximately half of the patients in our study. We have shown that a CCW or SCW of less than 10 mm predicts the absence of future neurologic abnormality with a negative predictive value and specificity of 94 to 100%. These values are likely closer to 100%, since the two infants in the study who were considered neurologically abnormal on followup examination had only mildly abnormalities, and it is questionable at best if these abnormalities were neurologic in origin. The application of our results is specific to the patient population studied (i.e., neurologically normal infants with OFC greater than or equal to the 95th percentile who otherwise have a normal sonographic examination. Our results cannot be extrapolated to infants who are neurologically abnormal prior to or at the time of ultrasonography or to infants with OFC of less than the 95th percentile for age.
Observed neurologic abnormalities were mild and consisted of one case of stuttering and one case of transient head lag that resolved. Since infants who were neurologically abnormal at the time of sonography were not studied, the values of 10 mm for CCW and SCW are not by strict definition the upper limits of normal. Values above this level could also be normal. The observed findings do, however, provide reassurance to those who encounter fluid collections in this range and are unsure of their significance.
The average length of clinical follow-up evaluation after ultrasonography was 55 weeks. No statistically significant difference in length of follow-up study was noted for the two patients who developed neurologic abnormalities versus those that remained neurologically normal. However, the power of this calculation is low, given only two neurologically abnormal infants on follow-up examination. The small number of abnormal cases also makes the calculation of sensitivity and positive predictive value (0 to 50%) unmeaningful.
The retrospective nature of this study causes several limitations. Detection of neurologic abnormalities was dependent on the detail and rigor of the clinician. This undoubtedly varies from clinician to clinician, but gross neurologic abnormalities and developmental delays should be readily detectable. If possible, prospective sonographic evaluation and routine clinical application should follow the method described by De Vries and coworkers 16 and Frankel and colleagues 21 using 10 MHz transducers for interrogation of the extraaxial compartment. The advantages of this method include more reliable detection of fluid, more accurate measurement of fluid, and better separation of benign collections from pathologic ones (e.g., a subdural hematoma) that require additional imaging. However, high frequency transducers are not universally available, and not all sonographers are familiar with this technique.
The limitations of ultrasonography for evaluation of extraaxial fluid must be recognized. Successful cranial sonography depends on an open fontanelle and therefore may not be possible in the older infant. Extraaxial fluid collections in the posterior fossa are not readily imaged sonographically and may easily go undetected. The full surface of the anterior and superior convexities is not always well imaged, and small or focal fluid collections in these regions could also go undetected. Fortunately, extraaxial fluid collections in benign macrocephaly are almost always symmetric and involve the cerebral convexities visible through the anterior fontanelle. This feature can be helpful in differentiating these collections from a subdural hematoma or other pathologic conditions. 2 If the patient has a history of trauma or the examiner has concern for child abuse, CT or MR imaging would be more sensitive for the detection of hemorrhage and traumatic injury. MR imaging can be used to distinguish subarachnoid from subdural collections. 17 However, for the neurologically normal infant with the sole finding of OFC greater than or equal to the 95th percentile for age, ultrasonography remains the recommended screening modality and is the most efficient method of excluding significant pathologic conditions. 5, 16 These infants are overwhelmingly normal, and given the anticipated low yield, imaging with CT or MR would not be cost-effective as a screening modality and would involve greater risk owing to radiation and sedation requirements.
In conclusion, in neurologically normal infants with OFC greater than or equal to the 95th percentile for age and a head sonogram that is otherwise normal, a CCW of up to 10 mm and a SCW of up to 10 mm have a negative predictive value and specificity of 94 to 100% for the development of future neurologic abnormality. The results of this study provide confidence for those that encounter fluid collections in this range. Clinical follow-up of these infants is prudent, but additional imaging is not required.
